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其次，通过 Fe(acac)3 改性聚硅氧烷（PSO）制得 PFSO 为先驱体，同样对其
进行低温热解制孔，结果表明 700℃的热解产物 Fe/SiOC 陶瓷具备孔径分布更为
集中（2~3nm）的多孔结构。同时磁性金属的引入还可以促进 PFSO 的高温结晶
过程，使其在 1200℃就有 SiC、C 晶体的生成，热解生成的铁硅相（FexSiy）还
会赋予陶瓷一定的电磁性能，最终有利于吸波性能提升。结果表明，经过改性之
后的 PFSO 热解产物在 X 波段的有效吸波频段（<-10dB）达到 2.6GHz，最小反
射系数达到-38dB。 
最后，采用 Fe(acac)3改性聚氮硅烷（PSZ）制得 PFSZ先驱体，对其进行 1100℃
~1500℃高温热处理，得到 Fe/SiOCN 纳米复相陶瓷，并对其吸波性能进行考察。







































The polymer-to-ceramic transformation consists of two steps: (i) Cross-linking of 
the polymers at low temperatures (100~400 °C) leading to infusible organic/inorganic 
networks; (ii) Ceramization via pyrolysis at temperatures up to 900~1400 °C. Whereas 
mainly amorphous ceramics are obtained upon pyrolysis, subsequent annealing at high 
temperatures leads to (poly)crystalline materials. During the polymer-to-ceramic 
transformation accompanied with the gaseous release, it leads to the formation of 
porous structure. After annealing at high temperature, some crystalline phase will be 
formed in ceramics, which endows the obtained ceramics advanced functional 
properties. 
In this thesis, the precursors were prepared by modifying the polysilane [AHPCS、
PSZ、PSO] with the acetylacetone metal compounds [Fe(acac)3、Ni(acac)2]. The 
introduction of magnetic metal could increase the cross-linking degree of the precursors, 
which can enhance the evolved pore stability during the polymer-to-ceramic 
transformation. On the other hand, the existence of magnetic metal endowed the 
resultant ceramics electromagnetic properties and could also accelerate the 
crystallization, and enhance the electromagnetic microwave absorption properties of 
the ceramic. 
Firstly, Ni/SiOC micro/mesoporous ceramics were successfully fabricated by the 
pyrolysis (600℃) of nickel acetylacetonate (Ni(acac)2) modified 
allylhydridopolycarbosilane (AHPCS). The resultant Ni/SiOC nanocomposites are 
comprised of in-situ formed nanoscaled Ni, NiO and nickel silicides embedding in the 
amorphous SiOC(H) matrix, associated porous structure has an excellent adsorption 
capacity of a template dye acid fuchsin. The adsorption kinetic curves of AF on the 
Ni/SiOC(H) nanocomposites with higher Ni content follow the pseudo second-order 
kinetic model, indicating the typical feature of a chemisorption mechanism.  
Secondly, the precursor of PFSO was prepared by ferric acetylacetonate [Fe(acac)3] 

















700℃. Compared with Ni/SiOC, the distribution of pore size of Fe/SiOC is more 
concentrated in 2~3nm. The introduction of Fe also promoted the crystallization of SiC, 
C and ferric silicide (FexSiy) which also endows the resultant ceramics electromagnetic 
properties. The results show that the effective absorption bandwidth(<-10dB) and the 
minimum reflection loss has reached 2.6GHz and -38dB. 
Finally, Fe/SiOCN ceramic nanocomposites were prepared by the pyrolysis of 
PFSZ which were synthesized by using polysilazane (PSZ) and Fe(acaca)3 as starting 
materials. The electromagnetic properties and wave-absorbing properties of the 
ceramics were investigated. Compared with PFSO, Fe(acaca)3 has a higher reactivity 
with PSZ, and the corresponding pyrolysis products also show different crystallization 
behavior which results in different wave-absorbing properties. The results show that the 
effective absorption bandwidth of Fe/SiOCN covered the whole X-band, and the 
minimum reflection loss reached -47dB. 
 
Keywords: Porous ceramic; Dye adsorption; Ferric acetylacetonate and Nickel 


























范围的不同[2]。PCS 作为生成 SiC 陶瓷的先驱体聚合物受到广泛的研究，尤其以
连续 SiC 纤维[3]制备受到国家的大力支持。此外，不饱和的 PCS 在电子设备领域
也有这一定的应用，同时这种类型的聚合物对于研究有机-无机材料起到桥梁作







































图 1-1 聚合物先驱体陶瓷化转变过程 
1.2 聚合物先驱体陶瓷法制备多孔陶瓷 


























































要设计出理想的孔结构时需先制备出反相模板，其过程如图 1-2 所示。 
 




















瓷。具体操作为将 SBA-15 或 KIT-6 的模板浸入溶解于二甲苯的 PCS 溶液中[26-
27]，之后对生成的 PCS/SiO2 复合材料进行交联、热解（700℃）使得 PCS 转换为
SiC，生成 SiC/SiO2 的复合材料，最终选用 HF 对 SiO2 的模板进行刻蚀，从而生
成介孔的 SiC 材料。两种模板所制得的多孔材料均含有较大的比表面积(SBA-
15:460–720 m2/g；KIT-6: 430–690 m2/g)及孔容(SBA-15:0.49–0.59 cm3/g；KIT-6: 
0.42–0.79 cm3/g)，其孔径分布分别为 SBA-15 的 2–3.7 nm 与 KIT-6 的 3–15 nm。
其它类型的先驱体同样适用于制备多孔陶瓷，Yuan 等人[28]通过将聚硅氧烷溶解
于四氢呋喃，在将其浸渍于 CMK-3 的碳模板中，之后将含有先驱体的模板在
1000~1200℃条件下热处理生成 SiOC-C 的复合材料，最终通过在 NH3 的氛围下
热处理脱除模板，生成具备较高比表面积（616m2/g）孔径为 3.3nm 的介孔 SiOC
材料。Bernard 等人[29]直接选用纳米铸造的方法，通过将硼改性的聚氮硅烷引入
到介孔 SiO2 的模板中，经过交联、热解（1000℃/2h/N2），最终用 HF 对模板进行
刻蚀，从而生成连续且高度有序的二维 SiBCN 框架结构，其比表面、孔径分别
为 337m2/g、4.6nm。 
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